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Abstract 
         The present study was carried out at the University of Khartoum 
Dairy Farm, located in Khartoum North (Shambat) on the Eastern Bank 
of the River Nile. Twenty cows were allotted to four groups according to 
their parity number of 1st parity, 3rd parity, 5th parity and over 5th parity. 
Colostrum samples were collected for the five colostral days and 
analyzed by using conventional method to investigate protein, total solid, 
fat and lactose. Immunoglobulin (Ig) concentration was also determined 
by the use of a colostrometer to assess colostrum quality and 
immunoglobulin concentrations. 
        The result verified that the fat content showed a non consistent 
pattern between the different parties and postpartum colostral days. The 
other components including protein, total solids and Ig were significantly 
(p<0.05), higher on first day's samples compared to the subsequent four 
days of the colostral period. The lactose content on the other hand 
demonstrated a different pattern whereby the first day postpartum 
colostrum samples contained the lowest lactose which increased 
progressively during the five sampling days. The highest values of these 
components were obtained at the 3rd parity except for protein which 
recoded maximum value at the 5thparity. The overall mean of milk 
constituent were 3.62%, 15.45%, 6.65% and 2.43% for fat, total solid, 
protein and lactose respectively. The overall mean of immunoglobulin 
concentration obtained by the colostometer was 32.13mg/ml. The results 
confirmed that Ig concentration increase with advancing parities, the 
highest Ig concentration was evident in colostrum of 3rd parity cows. 
     Day one of the colostral period contained significantly (p<0.05) the 
highest Ig concentration which decreased rapidly in the subsequent 
colostral days suggesting the importance of feeding colostrums during the 
first 24hr postpartum.  
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      The result of the present study documented the superiority of the first 
day colostrum for calf feeding compared to other colostral days. The 
result also authenticated that the highest quality colostrum  was obtained 
in the 3rd parity. 
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Introduction 
            The initial secretion present in the mammary gland at or near the 
time of parturition is termed colostum. It arises during physiological and 
functional stages of mammary gland development that is markedly 
different from glands primary role of milk production. The stages of 
mammary gland development and function include mammogenesis, 
colostrogenesis, lactogenesis, lactation and involution (Dembinski and 
Shiu, 1987). 
         Colostrum is a mixture of lacteal secretions and components of 
blood serum, primarily immunoglobulin and other proteins, which 
accumulates in the mammary gland during the prepartum period and is 
harvested immediately after parturition (Foley and Otterby, 1978). 
          Colostrum is somewhat various by defined as a secretion of 
mammary gland produced immediately after parturition(Levieux and 
Ollier,1999; Nakarmura, et al., 2003; Kehoe et al., 2007) ,through two 
days post parturition(Martin Sosa et al., 2001;Martin et al.,2003) through 
four days post parturition(Gopal and Gill,2001) or somewhat generally 
through several days after birth(Kelly2003; Tsioulaps, et al., 2007). 
            There are many hormonal activities occurring before and during 
colostroegensis which regulate this process, changes in hormonal activity 
include increased estrogene level approximately one month prepartum, 
increased serum corticosteroids, growth hormone and prolactin 
approximately one week prepartum  and marked decrease in serum 
progestrone1-2 days prepartum (Tucker,  1985) 
             Colostrum produced by cows during the first few days after 
calving differs significantly from milk with respect to composition. It is 
yellow alkaline thick and sticky. Colostrum contains more protein and 
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has a higher concentration of lipids than milk. Other distinguishing 
features include a very high content of fat soluble vitamins, vitamin B12 
and iron (Szulc and Zachwieja 1998).      
              Colostrum is not only a source of nutrients such as protein, 
carbohydrate, fat, vitamins, and minerals but it also contains several 
biologically active molecules which are essential for specific functions 
(Kukarni and Pimpale, 1989; Playford , 2001).  
             The most important bioactive component in colostrum includes 
growth factors which promote the growth and development of calves, and 
also include antimicrobial factors which provide passive immunity and 
protect against infections during the first weeks of life.  
           Calves represent the future herd so their health and management in 
their first days is critical. The most important factor in calves' 
management is colostrum feeding which is a key to calves survival. The 
colostrum quality ,quantity and time of ingestion and absorption of 
immunoglobulin is critical since the placenta prevents the transfer of 
immunoglobulin from dam to the calves(Boyd ,1972; McCauire et 
al.,1976;Davidson et al.,1981; Banks ,1982; Robinson et al.,1988). Many 
studies were conducted to assess the chemical composition of colostrum 
but few were conducted here in Sudan. 
     The objective of this study was to assess the chemical composition and 
quality of colostrum based on Ig concentration, as affected by parity 
order. 
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Chapter Two 
Literature Review 
2.1Colostrum chemical composition 
           Chemical composition and physical properties depend on various 
factors including  the age of the animal, number of lactation cycles, 
breed, diet, and disease (Horne et al .,1986; Rodrigues et al.,2001). The 
gestational nutrition affects colostrum and milk yield and nutrient 
content, even when lactational nutrient requirements are met (Meyer et 
al., 2011). Studies indicated the presence of different factors affecting 
milk composition, of these is parity, primiparous cows produced less 
colostrum (Robinson et al., 2009). Factors such as number of parity and 
genotype do seem to influence colostrum yield and composition (Farmer 
and Quesnel, 2009).  
2.1.1 Water 
          Water is the main constituent of colostrum and it forms the major 
part of it. Water secreted in association with water soluble constituent 
such as   sodium, potassium and chlorine. Long, (1961) found that bovine 
colostrum contain 77.5%water, ewe colostrum contain 58.8% water. 
2.1.2Fat 
          Fat is the most variable constituent of milk that depended widely 
on several factors including breed , individuality of animal , stage of 
lactation , season , nutritional status , type of feed , health and age of 
animal , interval between milking and the point during when sample is 
taken(Fox and McSwean 1998). A high yield of  milk usually is 
associated with low fat content and a low yield favors a high fat content 
(King , 1980).Roy (1980) reported that colostrum  contains 3.5% fat. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϰ 
 
          Bovine colostrum has an average fat content of about 6.7% (Naylor 
et al., 1991) . In another study conducted by Kehoe et al. (2007) they 
found that the colostral fat ranged from 0.3% to 18%. In contrast 
Tsioulaps  et al., (2007) postulated fat content of bovine colostrum as 
3.6%. Others found the content of fat in bovine colostrum about 7% 
(Szulc and Zachwieja, 1998). 
        Foley and Otterby (1978) claimed that fat percentages in colostrum 
was 6.7% compared to 4% in mature milk. Huber (1974) reported that 
bovine colostrum has fat content in the range of 4 to 5% .Bovine mature 
milk contain 4% fat (Walstra, 2006). Colostrum also is rich in fatty acids. 
Santschi (2009) demonstrated a fatty acids profile of bovine colostrum as 
65.5% , 25.4% , 3.6 % are saturated , mono-saturated and poly-
unsaturated fatty acids respectively .While  Jensen (1995) demonstrated 
the fatty acid profile of mature milk as 65.3% , 23.2% , 6.1% saturated , 
mono-saturated and poly-unsaturated fatty acid respectively .               
Hassabo (2001) studied the milk composition of dairy cattle of Kenana 
Sugar Company and reported that fat values were 5.3%, 4.7%, 4.55% and 
3.45%for the kenana type, 50%, 62.5% and 75% cross pedigrees Friesian 
*Kenana respectively. Idris et al. (1975) reported that the local Sudanese 
cattle produce fat ranging between3.4 -5.9% with a mean of 4.5%. Sheep 
colostrum compared to cow colostrum in early postpartum period has 
higher fat content 13% (Anifantakis 1986). 
           Camel colostrum contain about 0.27 % fat this result postulated by 
Zhang et al.,(2005). Musa (2001) found that camel colostrum contain 
30.1 ±  19.5 g/l. The content of mono-unsaturated, poly-unsaturated and 
straight-chain saturated fatty acid 14:0–16:0 in colostrum of ewes was 
higher (Pavlíková et al., 2010). The colostrum of individual ewes kept 
under identical living and feeding conditions displays high variability 
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mainly in the content of individual branch-chain saturated fatty acids and 
mono-unsaturated fatty acids  (Górová et al., 2011). Cows kept on the 
control diet had higher milk butterfat content than those on baobab 
(Adansonia digitata L.) and seed cake based diets (Madzimure et al., 
2011). 
2.1.3 Protein 
           The protein component varies considerably, but not as much as the 
fat. The protein content varies among species from 1% to14% (Fox, 
1992). In general protein play crucial role in animal metabolism acting as 
enzymes; hormones transport protein, structural proteins, and protective 
structures. Additionally they contribute to the nutrition of mammals by 
supplying easily digestible and readily absorbable energy, as well as high 
level of essential amino acids.  
           Milk proteins can be classified as major (98%of total milk 
proteins) and minor (2%of total milk proteins). Major milk proteins 
comprises casein and whey proteins , while minor milk proteins include 
the actual minor proteins (lactoferrin) , milk fat globule membrane 
proteins , and all of milk enzymes (Töpel, 2004 ) . Roy (1980) found that 
colostrum contain about 14.3 % protein in the first 24hours after calving. 
The protein of milk is one of the most constituent which affected by heat 
(Fox and McSweeney 1998).  
                Kehoe et al. (2007) found that bovine colostrum contain about 
14.9% proteins while Tisioulaps  et al., (2007 ) postulated percentage of 
protein in bovine colostrums is in the range of 16.2%. Foley and Otterby, 
(1978)  reported that  bovine colostrum contain 14% protein. Cow 
colostrum has protein content ranging from 4 % to5% this result was 
reported by Daniels et al., (19 77) and Huber, (1974). Approximately 
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79.5%of the total protein of bovine milk belongs to casein (Töpel , 2004). 
Colostrum content of casein is lower than casein content in milk 
(Ontsouka et al., 2003). Roy (1980) found that bovine colostum contain 
about5.2%casein in the first 24hours after calving. About 20% of bovine 
milk belongs to a group of protein generally referred to as whey proteins 
(Fox and McSweeney,1998). ß  –lactoglobulin  is the major whey protein 
of cow's milk with concentrations  of about 3.5 % g/l (Töpel ,2004) 
,while colostrum can contain as much as 14.5 % g/l (Levieux and Ollier 
,1999 ) .Other results postulated by Roy (1980) revealed that colostrum 
has 0.8 % ß -lactoglobulin content. Alpha lactalbumin appears at a 
concentration of approximately 1g/l in normal milk (Töpel , 2004) , while 
in  colostrum has a mean concentration of 2g/l (Levieux and Ollier , 
1999). Roy (1980) reported that colostrum has 0.27 % a -lactalbumin and 
Immunoglobulins are higher in colostrum in the range of 5.5% to 6.8% 
(Roy, 1980) .The most abundant immunoglobulin in bovine milk and 
colostrum is Ig G1. In contrast the IgA and IgM are present at much 
reduced level in bovine colostrums and milk (Barrington et al., 1997). 
The sheep colostrum contains   11.8 % protein according to   Anifantakis 
, (1986). 
           Musa (2001) reported that camel colostrum has a protein content 
about 58.0± 14 g/l whereas Zhang et al. (2005) reported that the camel 
colostrum contain a value of 14.23 % protein. In Sows, the protein 
composition in colostrum and milk varied markedly with the anatomical 
location of mammary glands (Wu et al., 2010).   
         The total nitrogen content average 1.13%, with 74% in the non-
protein nitrogen fraction, producing an apparent protein content of 1.9% 
(Christiansen et al., 2010) . The protein content differ across all treatment 
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groups with cows on 15% BSC producing the highest protein content 
3.43%  while the control had the least 2.6% (Madzimure et al., 2011)   
2.1.4 Lactose 
          Lactose is the main carbohydrate found and is essentially unique to 
milk (Yagil and Etozin., 1980; Wilson 1984., Abu-lehia 1989 and Elamin 
and Woliox, 1992). Approximately 26% of the energy, in cow´s milk is 
represente by lactose   (Jackson, 2003). The content of lactose in 
colostrum is lower than those in milk (Ontsouka et al., 2003).  Kehoe et 
al. (2007) reported that cow's colostrum has 2.5 % lactose content, 
whereas Tsioulpas et al. (2007) found that lactose in cow's colostrum 
accounted about 2.7%. Bovine colostrum has lower lactose content 
2.5%versus 4% in mature milk (Kehoe et al.,  2007; Fox and McSweeney 
,2003).The Holstein cow's colostrum contains lower lactose   (2.3%)  
compared with mature milk Nylor et al.,(1991).  The mean percentage of 
lactose in colostrum is 2.7% whereas in mature milk 5% (Foley and 
Otterby, 1978). Roy, 1980 stated that cow colostrum has 3% lactose 
content in the first 24 hours after calving. 
           Ali (1973) found that mature cow milk contain about 3%to 6.5% 
with mean value of 4.97%.  Anifantakis (1986) compared in his study 
between ewe colostrum and cow colostrum. He found that ewe colostrum 
has higher concentration in basic nutrients including lactose with a value 
of  3.3%. 
            Zhang et al., (2005) reported that camel colostrum has lactose 
content of about 4.44%. Musa (2001)  compared in his study the 
composition of camel colostrum  and normal milk. The author stated that 
colostrum contain 27.5±5.4g/l as compared with normal milk 
25.6±1.09g/l. Carbohydrate analysis of bovine colostrums showed an 
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average of 58.2% lactose monohydrate with no monosaccharides, other 
disaccharides, trioses, or tetroses detected (Christiansen et al., 2010). 
2.1.5 Total solids 
              Roy (1980) reported that colostrum contain 22.5% total solid 
during the  first 24 hours while mature milk contain 12.5% total solid.   
Kehoe et al. (2007)  found that bovine colostrum contain about 27.6% 
total solids .A percentage of 14 to18% total solid in colostrum was 
reported (Daniels et al., 1977; Huber, 1974; Folley and Otterby; 1977). 
              Anifantakis (1986) reported that sheep colostrum contain about  
28.9%total solids. Zhang et al., (2005) reported that camel colostrum 
contain about 20.16%total solids. 
Cows on the control diet had higher milk butterfat content than 
those on the BSC-based diets. Protein content differed across all 
treatment groups with cows on 15% BSC producing the highest protein 
content (3.43%) while the control had the least (2.6%). The concentration 
of milk total solids for cows fed on 15% body conditions score BSC was 
higher than that from cows on other diets. Lactose content was not 
affected by the diets (Madzimure et al., 2011).  
2.1.6 Minerals content 
            Kume and Tanabe (1993) indicated that the colostrum 
concentrations of calcium, phosphorus, magnesium, sodium, copper and 
manganese are highest at parturition and decrease rapidly by 24 hours 
postpartum. Roy (1980) reported that colostrum  contain about, 0.26% 
calcium ,0.24% phosphorus ,0.04% magnesium , 
0.07%sodium,0.14%potassium ,0.12% chloride and 0.2%  iron ,0.06% 
copper . Töpel (2004), and Kehoe et al. (2007) reported that 
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concentrations of macro elements in colostrum were 1.1g/kg sodium, 
2.8g/kg potassium, 4.7g/kg calcium ,and 0.79g/kg magnesium , while in 
mature milk the respective values were 0.5g/kg sodium ,1.5g/kg 
potassium ,1.2g/kg calcium , and 0.1g/kg magnesium. 
In camel's colostrum minerals showed high variations with lower 
values the first day after parturition and variable changes up to the end of 
the week where the values were stabilized. The iron concentration 
decreased from the second day postpartum (Konuspayeva et al., 2010). 
The levels of Ca, P, Na, K, and Cl were 222.58, 153.74, 65.0, 136.5, and 
141.1 mg/100 g, respectively (Zhang et al., 2005).. 
2.1.7 Vitamins  
             Milk in addition to protein, carbohydrate, lipids, and minerals 
also contain vitamins. These include the fat soluble vitamins (A, D, E, K). 
In addition  to    vitamin A (Sawaya  et al.,1984) the cow's milk Vit A is 
estimated 0.18g/kg while camel's  milk contain 0.17 -0.38mg/kg. Vitamin 
E in bovine milk was estimated 0.2- 1.0 mg/kg. The greater contents of 
substances interfering free radical to oxidation, (vitamin C, SH-groups) in 
goats milk (Bysokogorskii  and Veselov, 2010).  
2.1.8 Immunological aspects of colostrum 
             Colostrum is the major route through which calves acquire 
passive immunity because the dam placenta, impede transfer of 
immunoglobulin (Tizard, 2004).  The concentrations of 
immunoglobulins, are highest at parturition and decrease rapidly with 
each subsequent milking (Rauprich et al ., 2000;Blum and  Hammon, 
2000;Playford et al.,2000; and Blum,2006).Normally bovine colostrum 
contains 50-150 g/l immunoglobulin that are composed of about 85% 
to90%IgG(IgG1 account about 80%-90% of  the total IgG ), 7% IgM, 
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5%IgA (Larson et al.,1980). Each of the major Ig subclasses IgG, IgA, 
and IgM have specific role in protecting the calves against disease or 
infections (Earley et al., 2000). The immune factors in colostrum and 
milk play an important role in the host defense of mammary gland itself, 
protecting it from pathogenic organisms (Sordillo et al., 1977; Oviedo-
Boyso et al., 2007). 
         The concentration of Ig G1 in bovine colostrum varies widely, based 
on mother number of pregnancies, the rate of transferrance of the 
compound to colostrum by mammary glands, and the actual volume of 
colostrum produced. First milking production greater than 8.5 kg is 
associated with lower IgG concentration due to dilution (Pritchett et al., 
1991). Typical concentrations of 40-90 mg/l were reported by Quigley et 
al. (2001); Mehra et al. (2006); Kehoe et al.  (2007). In contrast in mature 
milk IgG falls to less than1mg/l  Kummer  et al. (1992); Conessa  et al., 
(2005). 
            Colostrum also contains other anti microbial factors such as 
lactoferrin, lysozome and lactoperoxidase (Foley and Otterby, 1978; 
Reiter, 1978; Besser and Gay, 1994; Donovan and Odle, 1994; Shams, 
1994). Colostrum also contain growth factors in higher concentration than 
milk, insulin like growth factors I and II, insulin, prolactin and epidermal 
growth factor (Koldovisky, 1989; Odle, 1994). 
          Immunoglobulin IgG1 is the major anti body which, act as the 
principle for macrophages, and is the primary immunoglobulin in 
transferring passive immunity to neonate (Butler, 1983; Roitt et al., 
1998). Bovine IgG1 has been shown to be resistant to proteolytic 
digestion in vitro (Kelly et al., 1997)  and in vivo (Roos et al.,1995). 
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           Immunoglobulin IgA protects the surface of mucosal membranes, 
including the intestine, and preventing pathogens from attacking the 
surface cell (Butler, 1983; Riott et al., 1998). Immunoglobulin IgM 
provides the primary protective mechanism against septicemia fixes 
complement and is the major agglutinating antibody (Butler, 1969; 
Larson et al., 1980). Lactoferrin is a glycoprotein that binds iron thereby 
reduces its availability to microbes (Lee et al., 1998; Elass-Rochard et al., 
1998).  
  The mean total immunoglobulin concentration of goat colostrum 
was 54.4 ± 26.4 g/L. Total immunoglobulin was subdivided into 
subclasses: immunoglobulin Ig G (1 and 2) 49.1 ± 25.7 g/L (90.3%), 
immunoglobulin Ig M 3.19 ± 1.66 g/L (6.0%) and immunoglobulin Ig A 
2.00 ± 1.03 g/L (3.7%) (Rudovsky et al., 2008). Milk IgG1 
concentrations varied between 0.030 and 0.614 mg/mL and significantly 
correlated with lactation number, stage of lactation, daily milk production 
and somatic cell count in Holsein dairy cows (Liu et al., 2009). In goats, 
the levels of protein and total IgG contents dropped quickly from the time 
of birth to 132 hour postpartum (Argüello et al., 2006).  
The concentrations of immunoglobulins in milk from anterior 
mammary gland of sows were greater than milk from posterior MG (Wu 
et al., 2010). Milk IgG and IgM concentration in goats decreased as 
milking frequency increased. IgA concentration increased throughout the 
experimental period from 0.03 mg/ml to 0.09 mg/ml (Hernández-
Castellano et al., 2011). 
2.1.9 Colostrum quality 
            Colostum quality is an important factor in calves' survival. 
Acquisition of high quality colostrum is an important factor influencing 
neonatal calf health. It is measured by the amount of immunoglobulin 
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found in colostrum. Generally values less than 20 mg/l indicates poor 
quality, 20 to 50 mg/l moderate quality and greater than 50 mg/l excellent 
quality (Shearer et al., 1992; Scott and Fellah, 1983). 
22% Brix score is the appropriate identification of good quality 
colostrums in dairy catle (Bielmann et al., 2010). The variations in IgG 
content in colostrum produced by Norwegian dairy cows indicate a need 
for improved colostrum quality control (Gulliksen et al., 2008). Swanson 
et al. (2008) indicated that the improper nutrition in ewe lambs altered 
colostrum quality and quantity and reduced offspring birth weight. 
2.1.10Colostrum preservation 
            Regular supply of high quality colostrum is an essential part of all 
new born calves' production system. In some situations, colostrum may 
be unavailable from the dam, or it is of poor quality. In this situation the 
producer has to use previously stored colostrum. One strategy to prevent 
bacterial proliferation in the storage of colostrum include freezing, 
refrigeration, and the use of preservative agents such as potassium sorbate 
for refrigerated fresh colostrum (Stewart et al., 2005). 
           Freezing of colostrum has been reported to provide maximum 
retention of Ig and nutrients (Foley and Otterby, 1978). Holloway et 
al.,(2002) found that freezing of colostrum for storage does not affect IgG 
concentration in calves.  
         Colostrum can be stored at -18 ºC to -25ºC for at least six months 
without changing its quality (Roy,1990 ; White,1993) .Colostrum can be 
refrigerated cold at 1 ºC to 2 ºC for up to one week or kept frozen at -20ºc  
for up to one year (Foley and Otterby,1978). 
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        Heat treatment is also used to preserved colostrum, one method of 
heat treatment is pasteurization. According to Godden et al. (2006); 
McMartin et al., 2006) pasteurization can be carried out at lower 
temperature 60ºC for longer time 60 minutes to sustain immunoglobulin 
concentration, immunoglobulin function and colostral fluid 
characteristics.   Early research on pasteurizing colostrum at 72ºC for 15 
seconds using a commercial HTST continuous-flow pasteurization 
method reported 25 to 30% reduction in immunoglobulin concentration 
plus unacceptable feeding characteristics (Green et al., 2003; Stabel et al., 
2004).    
    Fermentation was also used for storage colostrum either naturally or by 
chemical treatment (Carlson and Muller, 1977; Daniels et al., 1977; 
Muller, et al 1976; Otterby et al., 1977;   Rindsig and Bodoh, 1977; 
Rindsig et al., 1977).Chemicals that were used to preserve colostrum 
included formaldehyde treatment (Rindsig and Bodoh, 1977) and direct 
acidification with various acids such as formic, propionic and benzoic 
(Carlson and Muller, 1977; Muller and Smallcomb, 1977; Polzin., 1977). 
Bacterial and yeast culturing were also used for fermentation (Bush et al., 
1980; Drevjany et al., 1980). 
 Storing colostrum at warm ambient temperatures resulted in the most 
rapid increase in bacteria counts, followed by intermediate rates of 
growth in nonpreserved refrigerated samples or preserved samples stored 
at ambient temperature (Stewart et al., 2005). Milk became progressively 
more acidic during storage. Because the bactericidal activities of 
refrigerated samples diminished rapidly, up to two-thirds of the original 
activity level was maintained by freezing for up to three months 
(Ogundele, 2002). Frozen colostrum is an adequate source of IgG  for 
calves (Holloway et al., 2001). 
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Chapter Three 
Material and Methods 
           This study was carried during February to October 2010 at the 
University of Khartoum Farm, Khartoum North (Shambat). The farm is 
located on the Eastern Bank of the River Nile at latitude 15ι  40 N and 
longitude 32ι  32 and 376 m above sea level. The soil is classified as 
coarse sand to heavy clay; the climate is described as semi-arid. The farm 
was established in 1940 by purchasing of local breed (Kenana, and 
Butana).  Upgrading program with foreign blood (Friesian breed) started 
in1972 to boost productive and reproductive traits of the local breeds. The 
main purpose of this farm is student learning and training. 
Feeding Program 
           Cattle nutrition involved both green fodder and concentrate 
feeding. Green fodder was composed of home raised sorghum bicolor 
Abu 70 and Medicaso Sativa (Bersem). The Concentrate mix was 
composed of sorghum grains 40 %, ground nuts cake 20 %, wheat bran 
17 %, molasses20 %, salt1 % and lime stone 2 %. 
Experimental Animals  
         Twenty lactating cows at different parities were randomly chosen 
from the University Farm herd. The cows were divided into four groups 
with five cows each from 1st parity, 3rd parity, 5th parity and above the 5th 
parity. Five samples of colostrum were collected from each cow for the 
first five days postpartum. The samples were collected and refrigerated 
immediately and transferred to the Dairy Chemistry Laboratory of the 
Faculty of Animal Production for chemical analysis (protein, lactose, fat, 
and total solids.  
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 Analytical Procedure 
           Duplicate samples of colostrum for each day were subjected to 
analysis using the conventional method. 
3.1. Determination of fat content 
           Fat content was determined using Gerber method (Marshall, 1993) 
.Ten ml of sulfuric acid (specific gravity 1.820 at 15.5ºC) was   measured 
into Gerber butyrometer. From a well mixed sample at 24ºC, a sample of 
colostrum was withdrawn using 10.94 ml pipette. Colostrum was allowed 
to drain into the butyrometers slowly at first to prevent violent reaction 
with the acid then the pipette was permitted to drain normally. One ml 
amyl alcohol (sp.g 0.814 at 15.5ºC) was added and the lock stopper 
inserted securely, with the stopper end up, the butyrometers was grasped 
at graduated column and shaken until a curd was completely digested. 
Holding the butyrometers (hot) at the stopper and neck, it was inverted 
four times to mix the acid remaining in the bulb with the contents. The 
butyrometers were then placed in racks and centrifuged at 1100 rpm for 
four minutes. The butyrometers were palced in water bath at 60ºC, 
leaving only the bulb exposed, for five minutes. The straight line at the 
bottom of the fat column was pushed gently upward so that it coincided 
with the nearest whole percent graduation mark. The scale at the bottom 
of the meniscus at the top of the fat column was read promptly to the 
nearest 0.05% graduation. The lower reading was subtracted from the 
upper reading and the difference was recorded as the fat content. 
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3.2 Determination of protein content 
      Total protein was determined using Kjeldahl method (Marshall, 
1993). Ten ml of colostrum samples was weighted into Kjeldahl digestion 
flask. 25 ml of sulfuric acid (sp.g 1.84 nitrogen free) was then added to 
flask, two tablets of Kjeldahl catalyst (each tablet contain 19 mgs of 
Na2So4 and the equivalent of one mg Hg.) were added to the flask. The 
flask was placed on the heater for three hours or until the solution become 
clear .The flask then cooled to room temperature and the solution was 
diluted to 100 ml by graduated pipette using distilled water. Five ml of 
samples were transferred distillatory and then ten ml of 40% sodium 
hydroxide were added. The distillate was received into conical flask 
containing twenty five ml of boric acid and bromocresol green plus 
methylene blue as indicator until the volume reached 75 ml, the sample 
was then titrated with N/10 HCL. The acid consumed was then measured.                   
The  protein  was  calculated  as  follows: 
 Crude protein %=୘ൈ୒ൈ଴Ǥ଴ଵସൈଶ଴ൈ଺Ǥଷ଼
୵ ୧ୣ୥୦୲୭୤ୱୟ୫୮୪ୣ
 
Where: 
T=Titrations volume 
N=Normality of the HCL 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 ϭϴ 
 
3.3 Determinations of Lactose content 
Lactose was determined by anthrone method (Richard, 1959).  
Preparation of solution 
           The standard solution was prepared by dissolving five mg lactose 
into 95 ml of distilled water to give 5% (w/v) solution of monohydrate. 
One ml of this solution was diluted with 500 ml distilled water in 500 ml 
volumetric flask to give 95 mg lactose/ml standard solution. The 
Anthrone reagent was prepared by dissolving 150 mg of Anthrone into 
100 ml of 70% (w/v) sulfuric acid. The solution was then cooled and 
stored over night. 
Procedure 
         One ml of colstrum was pipetted into a 500 ml flask with distilled 
water. The solution was then mixed thoroughly and 0.5 ml was 
transferred to boiling tube (sample) standard stock solution (0.5ml) was 
transferred to a second boiling tube (standard) and (0.5 ml) distilled water 
transferred to third boiling tube (blank). To each tube, ten ml ice cooled 
Anthrone reagent was added. The tubes were held in the boiling water 
bath for six minutes. The tubes were then transferred to an ice bath and 
held for 30 minutes. The optical density (OD) was read at 625 nm. 
Lactose content (in mg/100ml) was calculated as follows: 
Lactose=         ୓Ǥୈሺୗሻି୓Ǥୈሺ୆ሻ
୓Ǥୈሺୗୈሻି୓Ǥୈሺ୆ሻ
   ×4.75  
Where: O.D(S) = Optical Density of Sample.   
            O.D (SD) =Optical Density of Standard. 
            O.D (B) = Optical Density of Blank. 
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3.4Determination of total solids content 
           Total solids content was determined by forced draft oven method 
(Bradley et al., 1992).   Clean aluminum moisture dishes dried for at least 
three hours at 105Ԩ, were stored in a clean desiccator until used. Three 
grams of milk were put into pre-weighted dishes. The dishes were placed 
in the oven and held for three hours at 105ԨǤ  The dishes were removed 
from the oven and cooled in a desiccator. The dishes were weighted on an 
analytical balance. Total solids content were calculated as follows: 
Total solids (%) =୛ଶ
୵ଵ
 ൈ 100 
Where: 
W1 = Weight of sample before drying. 
W2 = Weight of sample after drying. 
3.3 Determination of immunoglobulin concentration 
         In part two of the study eight cows representing two from each 
parity. Samples of colostrum were collected from each cow for the first 
five days postpartum and frozen then transferred to the laboratory of 
dairy microbiology to assess the immunoglobulin concentration by 
colostrometer (Fleenor and Stott, 1980; Pritchett et al., 1994). Samples 
were collected in tube (500 ml) all samples were frozen immediately after 
collection. Colostrum was cooled, and its temperature was modified in 
water bath. A colostrometer (Biogenics, Okland, CA) was used to 
measure IgG . 
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Operating Instructions 
   The study carried out according to the manual instructions Fleenor   
and Stott (1980)   
1. Collect first or second milking colostrums into a clean and dry 
container. Make sure that the udder is clean and that no foreign 
debris is allowed into the collection container. 
2. Transfer approximately 250 milliliters at standard room 
temperature (72ºF/22ºC –plus or minus 8º). 
3. Make sure that colostrum is to the top of the measuring cylinder, 
and then wipe-off all remaining foam and scum from the surface. 
4. Gently lower the colostrometer into the measuring cylinder filled 
with colostrum, allowing the excess colostrum to overflow the 
cylinder, until the instrument floats freely. 
5. While the instrument floats freely in the cylinder full of colostrum, 
determine the quality of the colostrum by reading the color coded 
that is located inside the unsubmerged portion of the instrument. 
3.4 Statistical analysis 
   The collected data was subjected to analysis of variance using 
General Liner Model (G. L. M)  of  Statistical Package of Social Science 
(SPSS) Programmed.  
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CHAPTER FOUR 
RESLUTS 
        The data pertaining to parity order effect and colostral days on 
colostrum composition, were presented in: Table (4.1)  
        The result indicated that parity order had no significant effect on fat 
content. The fat content showed a decreasing pattern with advancing 
parities. The least fat content was obtained in cows with over five parities 
while the highest fat was recorded for cows in their 1st parity. First parity 
colostrum contained more fat than subsequent parities. 
        The total solids content recorded the highest value in cows at their 
3rd parity .While the least total solids content was evident in colostrum 
samples of cows with more than fifth parities which was significantly 
(p<0.05) lower than in earlier parities. The lowest total solids was 
13.78%.  
      The highest protein content was recorded for colostrum from 5th 
parity cows which was significantly (p<0.05) higher than in other 
parities. 
       The lactose component of colostrum was significantly lower 
(p<0.05) in cows with more than five parities (1.99%). The higest lactose 
content was secured in cows at their third parity 2.75%.  The results of 
lactose values were 2.49%, 2.75%, 2.49% and 1.99% for cows at first, 
third, fifth, and more than fifth parity.  
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Table.4.1.The effect of parity order on chemical composition of cows 
colostrum  
Component% Parities S.E 
1 3 5 >5 
Fat 4.21a 3.59a 3.57a 3.09a ±0.49 
Total Solids 15.56a 16.77a 15.70a 13.78b ±0.87 
Protein 6.52a 6.77a 7.40a 5.96a ±0.71 
Lactose 2.49a 2.75a 2.49a 1.99b ±0.18 
Rows with the same superscript in this & subsequent tables are not 
significantly different (p>0.05) 
1= means first parity 
3= means third parity 
5= means fifth parity 
>5 = means more than five parity 
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Figure4.1. the effect of parity order on chemical composition of 
colostrum 
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Colostrum composition during colostral period 
       The data in table (4.3) describe the effect of colostral period on 
colostrum composition. The data indicated that fat content witnessed non 
significant variations throughout the five days of colostral period. The fat 
content in the first day was higher (4.06%) then declined progressively 
during the other four colostral days to secure a minimum value of 3.48% 
in day five. 
     The total solid on the other hand secured a significant (p<0.05) higher 
value in day one samples (23.13%) which declined in steady pattern 
throughout the other four colostral day with value of 
15.29%,13.48%,12.88% and 12.42 for day two, three, four& five 
respectively. 
      The protein demonstrated a similar pattern of total solids the highest 
(p<0.05) value was recorded for day one samples (13.36%) which 
declined sharply through the other four days to reach the minimum value 
in the 5th  day samples (4.36%). 
       The lactose content on the other hand showed a reverse pattern. The 
first days samples showed significantly (p<0.05) the least lactose which 
increased progressively with advancing colostral days to secure the max 
at day five samples (3.01%). 
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Table.4.2. changes in colostrum composition during the colostral 
days  
Component% Days SED 
1 2 3 4 5 
Fat 4.06a 3.49a 3.54a 3.51a 3.48a ±0.55 
Total Solids 23.18a 15.29b 13.48b 12.88b 12.42b ±0.99 
Protein 13.36a 6.06b 4.90b 4.63b 4.36b ±0.79 
Lactose 1.83a 2.31b 2.40b 2.61bc 3.01c ±0.20 
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Figure4.2. changes in colostrum composition during the colostral 
days.  
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  The data presented in table (4.3) highlight the interactive effect of 
colostral days and parity order on fat content of colostrum. 
      The results indicated that the mean fat content was highest on day one 
of the colostral period in all investigated parities. The fat content in the 
other colostral days, however, showed an inconsistent pattern. The least 
mean fat content was recorded in day five (3.48%).  In day one samples 
the highest fat content was in parity three (6.69%), while the lowest fat 
content in day one was in the fifth parity (3.52%).    
   The results on total solids of colostrum as affected by interaction 
between parity order and colostral days veified in Table(4.4). The result 
indicated that the mean total solids content was highest on day one of the 
colostral period in all investigated parities. The highest mean of total 
solids content was in the 3rd parity (27.30%), while the least mean of total 
solids was in samples of more than the fifth parities (19.98%). The other 
colostral days showed a consistent declining pattern (15.29%, 13.48%, 
12.88% and 12.41%) for day two through day five respectively.  
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Table.4.3.The effect of interaction between colostral days and 
parity order on fat content of cow's colostrum. 
Parity 1 2 3 4 5 
First parity 5.27 5.03 5.09 4.09 3.6 
Third parity 3.62 2.91 3.01 2.98 3.78 
Fifth parity 3.52 3.45 3.42 3.9 3.54 
More than five 
parities 
4.2 2.55 2.63 3.08 2.99 
Mof D 4.15 3.49 3.54 3.51 3.48 
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Table.4.4. The effect of interaction between colostral days and parity 
order on total solids content of cow's colostrum  
Parity 1 2 3 4 5 
First parity 21.84 17.22 14.71 12.13 11.88 
Third parity 27.3 16.58 13.61 13.28 13.07 
Fifth parity 23.58 15.06 12.95 14.38 12.51 
More than five 
parities 
19.98 12.31 12.64 11.74 12.21 
Mof D 23.18 15.29 13.48 12.88 12.41 
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 On the other hand the effect of interaction between parity order and 
colostral days on protein content described in tables (4.5), revealed that 
the mean protein content was highest on day one of the colostral period 
(13.36%) respectively. The colostrum protein content declined 
progressively with advancing colostral days and parities as well. The 
mean colostral values were 6.07%, 4.9%, 4.6% and 4.36% for day two, 
day three, day four and day five respectively, indicating that protein 
content was highest on day one of the colostral period. 
       The results from the table suggested that, day one colostrum was 
superior than the other colostral days. Colostral day one contained more 
than four times protein compared to colostral day five 13.36% versus 
4.36%. Colostral day two was also superior to colostral day five and 
contained one a half more protein 6.07% compared to 4.36%. 
 The interactive effect of parity order and colostral days is 
tabulated in Table (4.6). The data clearly authenticated that lactose 
concentration was minimum in day one samples in the four studied 
parities. The mean lactose content was 1.83%, in day one that increased 
progressively with advancing colostral day to secure values of 2.31%, 
2.40%, 2.61% and 3.02% for second, third, fourth and fifth day 
respectively. 
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Table.4.5.The effect of interaction between postpartum days and 
parity order on protein content of cow's colostrum  
Parity 1 2 3 4 5 
First parity 11.85 6.47 5.22 4.41 4.64 
Third parity 13.06 7.08 4.59 4.88 4.25 
Fifth parity 16.94 5.8 4.79 4.95 4.5 
More than five 
parities 
11.59 4.91 5 4.29 4.03 
Mof D 13.36 6.07 4.9 4.63 4.36 
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Figure.4.5.The effect of interaction between postpartum days and 
parity order on protein content of cow's colostrum
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     Table.4.6.The effect of interaction between colostral days and  
parity order on lactose content of cow's colostrum 
Parity 1 2 3 4 5 
First parity 1.96 2.6 2.17 2.73 2.99 
Third parity 1.69 2.97 2.34 3.27 3.48 
Fifth parity 2.12 2.03 2.84 2.31 3.18 
More than five 
parities 
1.54 1.99 1.9 2.13 2.41 
Mof D 1.83 2.4 2.31 2.61 3.02 
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Table4.13.The effect of parity order on immunoglobulin 
concentration of cow colostrum 
        The data indicated that immunoglobulin concentration exhibited 
large variations between colostrum of cows in different parities. The 
results were 17, 44, 35.5 and 32 ± 3.23 for cows in 1st parity, third parity,  
5th parity and over 5th parity respectively. The results indicated that 
colostrum immunoglobulin increased with advancing parities. The 
highest immunoglobulin concentration was evident in colostrum from 
cows at their 3rd parity (44mg/ml) and which was significantly (p<0.05) 
higher than that of the other studied parities. 
 Colostrum Ig during the colostral days 
         The data pertaining to colostrum Ig concentration during the five 
colostral days is shown in Table (4.14). The data documented that day 
one colostrum contained significantly (p<0.05) the highest concentration 
compared to the subsequent colostral days. The Ig concentration in day 
one colostrum (94.38 mg/ml) was twelve times greater than the Ig 
concentration in day five colostrum. The respective concentration of Ig 
were 94.38, 23.75, 18.13, 16.25 and 8.13 for day one through day five 
respectively. 
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Table4.13. the effect of parity order on immunoglobulin 
concentration (mg/ml) 
Parameter Parity SED 
1 3 5 >5 
Immunoglobulin 17b 44a 35.5ab 32ab 3.23 
*Abbreviation key 1= First parity, 3= Third parity, 5= Fifth parity, 6= 
Over fifth parity 
The same subscript numbers are not significant different (p>0.05) 
>5=More than five parity 
 
Table4.14. the effect of postpartum days on immunoglobulin 
concentration (mg/ml) 
 
Parameter Days SED 
1 2 3 4 5 
Immunoglobulin 94.38a 23.75b 18.13b 16.25b 8.13c ±3.61 
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Figure4.5. the effect of parity order on immunoglobulin 
concentration(mg/ml). 
 
Figure 4.6.the effect of  colostral period on immunoglobulin 
concentration. 
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Chapter Five 
Discussion 
         In the present study the chemical composition of colostrum 
collected from experimental animals showed wide variability with 
inconsistent pattern for almost all the studied components. This great 
disparity in composition had exerted their effect on the mean composition 
of colostrum for each group of experimental animals in different parities. 
            Colostrum of animals in their third parity maintained significantly 
(p<0.05) the higher content in, lactose, protein, and total solids. This may 
be due to increase in body size of the animal and development of the 
animal mammary glands. The overall mean of colostrum samples from 
experimental animals revealed that the fat content showed a wide 
variability with a mean of 3.66± 0.28 this result is comparable with the 
finding of Tsioulaps et al.,(2007) who reported mean fat content in 
bovine colostrum as 3.6%. Roy (1980) reported average fat content in 
bovine colostrum as 3.5 %. The result is however lower than what was 
found by Naylor et al., (1991) who reported 6.7 %fat in bovine 
colostrum, also lower than the result found by( Szulc and Zachwieja, 
1998) who reported that bovine colostrum contain 7%fat. The different 
breeds used might have contributed to this disparity. 
         Cows in their first and third parity recorded the highest mean fat 
content (4.2 ± 0.55). In the first colostral day the fat is high and then 
decrease on subsequent postpartum days with a non consistent pattern. 
There was no particular trend observed for the fat content which varied 
throughout sampling periods. The fat is the most variable constituent of 
milk depend widely on several factors such as breed, individuality of 
animal, stage of lactation, season of calving, nutritional status, type of 
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feed, health, age of animal, interval between milking and the point during 
when sample is taken (Fox and McSwean 1998).  
        |The overall mean of colostrum protein during the five colostral days 
amounted to 6.60± 1.58 Daniels et al., (1977), Huber (1974), reported a 
lower mean of protein colostrum in the range of 4% to5%. 
The highest protein content in the first day of the colostral period secured 
a value of 13.36±0.79 was in line with the data reported by Folly and 
Otterby (1978). Other workers reported comparable values (14.9%) of 
first day colostrum protein Kehoe et al.,(2007); and(16.2%) Tsioulaps et 
al.,(2007). The lactose content of colostrum is minimum compared to 
lactose content of milk. This finding complies smoothly with previous 
finding authenticated by Czister and Dirijarea (2003), that lower lactose 
content in first day colostrum ensure high viscosity and prevent diarrhea. 
      The concentration of protein in first day colostrum indicates the 
immunological quality of colostrum. The density of colostrum is closely 
related to its composition and provides information on its quality. 
       The present study indicated that the first day colostrum secured 
significantly the highest density compared to subsequent colostral days 
(Table 4.4). Moreover colostrum of the third parity also maintained the 
highest density (Table 4.2). These finding comply with previously 
reported data that colostrum with density above 1.047 gm\cm2 indicate 
good quality Fleenor and Stott (1980). 
        In the present study first day colostrum density was 1.070 indicating 
the richness of the first day colostrum with immunoglobulin needed by 
the calf to build its passive immunity. 
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      This finding justifies the well documented fact that the new born calf 
should be allowed access to colostrum during the first 24 hour 
postpartum. The data in table 4.4 also indicated that the colostrum density 
declined sharply on the subsequent colostral days indicating colostrum of 
low quality after the first day and further support the claim that colostrum 
should be fed during the 24 hour following parturition. 
   Concentration of immunoglobulin are highest immediately 
following parturition and decrease rapidly with each subsequent milking 
(Rauprich et al., 2000; Blum and Hammon, 2000; Playford et al., 2000;  
Blum 2006).The immunoglobulin concentration in this study was within 
the range reported by several previous authors. The present data indicated 
Ig concentration of 94.38±3.6 which coincide well with the range (50-150 
mg\L) reported by Larson et al.,(1986); and (40-90 mg\L) as reported by 
Quigley et al.,(2001); Kehoe et al., ( 2007); Mehara et al., (2006). 
       The immunoglobulin in bovine colostrum varies widely based on 
number of pregnancies, the rate of transferred of compound to colostrum 
by mammary glands and the actual volume of colostrum produced. Cows 
in their third parity were found to have the highest immunoglobulin 
concentration compared with cows on their first parity. This result is 
consistent with previous studies (Tyler et al., 1999). The current findings 
reported no statistical difference in colostral immunoglobulin 
concentration among cows in their first, second or third parity and more 
research is needed in this area. 
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Chapter six 
6.1 Conclusion: 
            Colostrum basic composition at parturition contains higher fat, 
protein, S.N.F and total solids, compared to normal milk is lactose 
initiated with low levels then increased gradually during sampling period. 
         All investigated chemical components tend to decrease with 
advancing post partum period except for lactose and fat. The fat showed 
non consistent pattern which either increase or decrease. 
          The colostral period cannot be defined exactly because of the wide 
individual variability and effect of management on colostrum 
composition. The chemical characteristic of colostrum were greatly 
affected by colostral days and slightly by lactation number. 
       The method applied  to assess colostral immunoglobulin have 
variable drawback, suggesting that testing colostrum with a colostrometer 
is not the most accurate method for testing colostrum for neonates, since 
it is not affected only by human error but environmental effects as well. 
The colostrometer apparatus is however easy, simple and quick device to 
give  a reasonable indication of the quality of colostrum.  
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6.2 Recommendations: 
          It is highly required to investigate colostrum composition and 
calves rearing methods under traditional system and semi intensive 
system to evaluate the impact of these variable on the high neonatal 
mortality rates encountered in traditional system. 
            More studies are needed to investigate the immunological 
characteristic of colostrum and factors affecting it. 
     Colostrometer is a useful and easy apparatus to use. Despite it's 
drawbacks it must be introduced widely in farms to insure and promote 
calves health.   
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